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WAFER PASSIVATION STRUCTURE AND METHOD OF FABRICATION 

BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION 

The present invention relates to the field of semiconductor integrated 
circuit manufacturing, and more specifically to a passivation structure and its 
method of fabrication. 

2. DISCUSSION OF RELATED ART 

Integrated circuits are made up of literally millions of individual devices 
such as transistors and capacitors formed on a semiconductor substrate. The 
devices are integrated together by alternating conductive and insulating layers 
to form functional circuits such as microprocessors. The final layer deposited is 
typically a passivation layer which is an insulating layer which provides 
protection against mechanical and chemical damage during assembly and 
packaging. 

An example of a conventional passivation structure is shown in Figure 1. 
Figure 1 shows a substrate 100 having formed on its outer surface a metal 
interconnect layer 102 which includes a bond pad 104 and interconnects 106. A 
passivation layer 108 which includes a silicon nitride layer 110 and a thick 
polyimide layer 112 is formed over metal layer 102 as shown in Figure 1. A 
contact opening 114 is then formed through the silicon nitride layer 110 and the 
polyimide layer 112 to enable an electrical contact, such as a wire bond 116, to be 
made to bond pad 104 to enable the inputting and outputting of external signals 
to the substrate. Silicon nitride layer 110, which is a hermetic layer, is formed in 
direct contact with the lower metal layer 102 to ensure that no moisture path 
exists to the underlying substrate, especially in the bond pad openings 114. 

Although such a passivation structure provides an excellent hermetic 
seal of substrate 100, device performance suffers due to high metal line-to- 
metal-line capacitance. That is, because silicon nitride layer 110 has a high 
dielectric constant (approximately 7.0) and because it is formed in gaps 118 
between adjacent metal features 104 and 106, line-to-line capacitive coupling is 
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increased and device performance reduced. Another problem associated with 
the passivation structure shown in Figure 1 is that it is difficult to deposit a 
silicon nitride layer into high aspect ratio gaps 118 to a thickness necessary to 
obtain a sufficient hermetic seal. 


Thus what is desired is a passivation structure and methodology which 
forms a hermetic seal and which provides low interconnect capacitance. 

SUMMARY OF THE INVENTION 

A wafer passivation structure and its method of fabrication is described. 
According to one embodiment of the present invention a metal layer having a 
bond pad spaced by a gap from a metal member is formed on a substrate. A first 
dielectric layer is then formed over the bond pad and the metal member and 
completely fills the gap. Next a second dielectric layer, which is hermetic and 
which has a dielectric constant greater than the first dielectric layer, is formed 
over the first dielectric layer. 

In another embodiment of the present invention a first dielectric layer is 
formed on the top surface of a bond pad of a substrate. A second dielectric layer 
is then formed on the first dielectric. An opening is then formed through the 
first and second dielectric layers so as to expose the top surface of the bond pad. 
A barrier layer is then deposited on the sides of the opening and on the top 
surface of the bond pad. A contact is then formed on the barrier layer in the 
opening. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is an illustration of a conventional passivation structure. 

Figure 2 is an illustration of a cross-sectional view of a hermetic low 
capacitance passivation structure of the present invention. 


2 

BNSDOCID: <WO 993A423A1 J_> 


WO 99/34423 


PCT/US98/24358 


Figure 3a is an illustration of a cross-sectional view of a substrate having 
an outer most metalization layer including a bond pad. 

Figure 3b is an illustration of a cross-sectional view showing the 
formation of a first dielectric layer over the substrate of Figure 3a. 

Figure 3c is an illustration of a cross-sectional view showing the 
formation of a sealing dielectric layer over the substrate of Figure 3b. 

Figure 3d is an illustration of a cross-sectional view showing the 
formation of a capping dielectric over the substrate of Figure 3c. 

Figure 3e is an illustration of a cross-sectional view showing the 
formation of a bond pad opening in the substrate of Figure 3d. 

Figure 3 f is an illustration of a cross-sectional view showing the 
formation of a conductive barrier layer on the substrate of Figure 3e. 

Figure 3g is an illustration of a cross-sectional view showing the 
formation of a bump on the substrate of Figure 3f. 

Figure 3h is an illustration of a cross-sectional view showing the removal 
of a portion of the barrier layer from the substrate of Figure 3g. 

DETAILED DESCRIPTION OF THE PRESENT IN VENTION 

The present invention is a hermetic, low interconnect capacitance 
passivation structure and its method of fabrication. In the following description 
numerous specific details such as materials, thicknesses and processes are set 
forth in order to provide a thorough understanding of the present invention. It 
will be obvious however to one skilled in the art that the present invention 
may be practiced without these specific details. In other instances well known 
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semiconductor processes and equipment have not been explained in detail in 
order to not unnecessarily obscure the present invention. 

The present invention is a hermetic, low interconnect capacitance 
passivation structure and its method of fabrication. A passivation structure in 
accordance with the present invention is shown in Figure 2. Formed on a 
substrate 200 is an outer level of metalization which includes metal features 
such as bond pads 204 and interconnects 206 which are separated by gaps 208. A 
first dielectric layer 210 is formed over bond pads 204 and metal features 206 and 
to a thickness to completely fill gaps 208. The first dielectric layer 210 is 
preferably formed of a material which has a relatively low dielectric constant 
(less than 4.0) such as silicon dioxide. A sealing dielectric layer 212 formed of a 
moisture resistance material (i.e., a hermetic material), such as silicon nitride, is 
formed over the first dielectric layer 210. A capping dielectric layer 214, such as a 
polyimide, can be formed on sealing dielectric layer 212 to provide for scratch 
resistance and package stress interfacing. An electrical contact 215, such as a 
controlled chip collapse contact (C-4) which includes a conductive barrier layer 
216 and a bump 218 is formed through dielectric 210, sealing dielectric 212, and 
capping dielectric 214 and makes electrical contact with bond pad 204. 

Sealing dielectric layer 212 and barrier layer 216 combine to form a 
hermetic seal of substrate 200. Because barrier layer 216 and sealing layer 212 
provide the hermetic seal for substrate 200 first dielectric layer 210 can be formed 
of a material which has a low dielectric constant but which is not resistant to 
moisture penetration. By completely filling gaps 208 with a low dielectric 
constant material 210, there is low interconnect capacitance (low capacitive 
coupling) between adjacent metal features, which results in improved (faster) 
device performance. In this way the present invention provides a passivation 
structure which is both hermetic (resistance to moisture penetration) and which 
exhibits extremely low capacitance. 

Figures 3a-3g illustrate a method of fabricating a passivation structure in 
accordance with the present invention. According to the present invention, a 
substrate 300 such as shown in Figure 3a, is provided. Substrate 300 includes on 
its outer surface a metalization layer 302 which includes at least one bond pad 
304 (and typically several hundred) for inputting and outputting data to and 
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from substrate 300. The outer metalization laver 302 also includes metal 
features 306 such as interconnects and capacitor electrodes. The metalization 
layer 302 is formed from a low resistance metal or metal alloy such as but not 
limited to copper, aluminum, and gold and has a total thickness of between 
5,0OOA - 30,000A. The metalization layer 302 may or may not include barrier 
layers and anti reflective coatings. The individual metal features of 
metalization layer 302 are separated by gaps 308. The minimum spacing or 
width (w) of gaps 308 is defined by the critical dimensions of the process which 
in the present invention can be less than 0.30|im. Such narrow feature spacing 
can create high aspect ratio gaps 308 (i.e., gaps with aspect ratio around 2.0). 
Aspect ratio is defined as the gap height over the gap width. 

Additionally, as is well known in the art, substrate 300 typically includes a 
silicon substrate, devices such as transistors and capacitors, and multiple layers 
of metal and insulators used to couple devices into functional circuits. It is to be 
appreciated that substrate 300 need not necessarily be a semiconductor substrate 
used to fabricate integrated circuits but may be any type of substrate such as 
those used in flat panel displays. For the purposes of the present invention a 
substrate is defined as a material on which films of the present invention are 
formed and on which processes of the present invention act. 

The first step of the present invention is to form a first dielectric layer 310 
over substrate 300 as shown in Figure 3b. Dielectric layer 310 is deposited over 
bond pads 304 and metal features 306 and in such a manner so as to completely 
fill gaps 308. Dielectric layer 310 is formed to at least a minimum thickness 
which is sufficient to completely fill gaps 308. In most cases, dielectric layer 310 
is deposited to a thickness at least as thick as metal 302 which ensures complete 
filling of the widest gaps. 

Dielectric layer 310 is preferably formed of a material which has a 
dielectric constant at least as low as silicon dioxide (i.e., a dielectric constant less 
than 4.0). In one embodiment of the present invention dielectric layer 310 is a 
silicon dioxide (Si02) film formed by high density plasma (HDP) utilizing a 
chemistry comprising SiH4 and O2 with a substrate temperature of between 350- 
400°C. Such a process provides excellent gap filling which enables the filling of 
high aspect ratio gaps 308 and provides a smooth surface on which subsequent 
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layers can be deposited. First dielectric layer 310 can be doped with fluorine ions 
in order to further reduce the dielectric constant of the film. Dielectric layer 310 
can be doped insitu (during the deposition of film 310) or after formation by ion 
implantation. It is to be appreciated that low K dielectric films such as but not 
limited to aerogels, polyimides, spin-on-glasses, can be used as dielectric layer 
310. Additionally dielectric layer 310 need not necessarily be a single layer 
dielectric film but may be a composite film made of several different dielectric 
layers. 

Next, as shown in Figure 3c, a sealing dielectric layer 312 is formed over 
first dielectric layer 310. Sealing dielectric layer 312 is formed of a material 
which is resistant to moisture penetration (i.e., formed of a hermetic material). 
A layer is said to be hermetic if it can prevent moisture penetration under 
humid ambients at normal chip operating temperatures, generally between 100- 
120°C. Sealing dielectric layer 312 is formed as thin as possible while still 
providing a suitable hermetic seal. In one embodiment of the present 
invention sealing dielectric layer 312 is a silicon nitride film formed to a 
thickness between 500-1 ,500 A by plasma enhanced CVD utilizing a chemistry 
comprising SiH4 and NH3 and a substrate temperature of 400°C. When a 
plasma enhanced CVD silicon nitride layer 312 is deposited onto a HDP formed 
silicon dioxide layer, silicon nitride layer 312 can be formed thin (less than 
1,000A) and yet still provide a hermetic seal due to the smooth surface of the 
HDP silicon dioxide film. 

It is to be appreciated that because hermetic dielectric layers, such as 
silicon nitride, have high dielectric constants, it is important to keep sealing 
dielectric layer 312 above metal features 304 and 306 and out of gaps 308 so that 
its high dielectric constant does not increase the capacitive coupling between 
adjacent metal features, and thereby decrease device performance. 

Next, as shown in Figure 3d, a capping dielectric layer 314 is -formed over 
sealing dielectric layer 312. Capping dielectric layer 314 provides stress relief 
between the package and substrate 300 and also provides scratch protection for 
sealing dielectric 312 so that scratches cannot affect the integrity of the hermetic 
seal formed by sealing dielectric layer 312. In one embodiment of the present 
invention capping dielectric layer 314 is a photodefinable polyimide such as 
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Hitachi photodefinable polyimide type 1708. Such a polyimide can be "spun- 
on", as is well known in the art, to a thickness of between 2.0 - 10 microns. 
Alternatively capping layer 314 can be for example a CVD deposited silicon 
dioxide layer. 

Next, a bond pad opening 316 is formed through dielectric layers 314, 312, 
and 310 down to bond pad 304 as shown in Figure 3e. If dielectric layer 314 is a 
photodefinable polyimide, then opening 316 can be defined in dielectric layer 
314 by masking and exposing and then developing away the light exposed 
portion of the capping dielectric layer 314 where the bond pad opening 316 is 
desired. Such a process creates tapered sidewalls in capping layer 314 which 
enhances subsequent film deposition in opening 316. Patterned capping 
dielectric layer 314 can be used as a mask for etching of sealing dielectric layer 
312 and dielectric layer 310. If sealing dielectric layer 312 is a silicon nitride layer 
it can be anisotropically etched by reactive ion etching (RIE) with a chemistry 
comprising: SF6 and He in a well known LAM etcher. Once sealing dielectric 
layer 312 has been etched through, the etch chemistry can be changed to a 
suitable chemistry which etches first dielectric 310 which, in the case of silicon 
dioxide, can be C4F8 + CO. The etching of dielectric layer 310 can be a timed etch 
which provides over etching to ensure complete removal of dielectric layer 310 
from bond pad 304 in bond pad opening 316. 

If dielectric layer 314 is not a photodefinable material, then a standard 
photoresist mask can be formed over dielectric layer 314 and patterned by well 
known photolithography techniques. 

Next, as shown in Figure 3f, a conducting barrier layer 318 is formed over 
substrate 300 as shown in Figure 3f. Barrier layer 318 is formed over the top 
surface of capping dielectric layer 314, along the sidewalls 317 of bond pad 
opening 316 and over bond pad 304. Barrier layer 318 forms a hermetic seal 
along sidewalls 317 of contact opening 316. Barrier layer 318 is formed of a 
material and to a thickness which is sufficient to prevent moisture from 
penetrating through barrier layer 318 and into dielectric layer 310. 

In one embodiment of the present invention, barrier layer 318 is a barrier 
layer used for a controlled chip collapse contact (C-4) gold plated bump. A 
barrier layer for a C-4 bump can be formed by sputter depositing a dual layer 
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film comprising a lower 500A thick titanium film and an upper 4,000a thick 
nickel vanadium film. The titanium film acts as a barrier against gold diffusion 
while nickel vanadium film helps the C-4 bump adhere to bond pad 304. In 
another embodiment, barrier layer 318 can be a barrier layer used for a tape 
automated bonding (TAB) contact. A TAB barrier layer can be formed by sputter 
depositing a dual layer film comprising a lower titanium film and an upper 
gold film. The titanium layer acts as a barrier against gold diffusion while the 
gold layer helps a gold TAB bump adhere to bond pad 304. An argon sputter 
etch can be used prior to and insitu with the formation of barrier layer 318 to 
provide a clean low resistance contact with bond pad 304. 

Next, a bump 320 is formed on barrier layer 318 as shown in Figure 3g. In 
one embodiment of the present invention bump 320 is a C-4 solder bump. A C- 
4 solder bump can be formed by depositing a photoresist layer 322 of 
approximately 25 microns onto barrier layer 318 and then patterning the 
photoresist layer to define locations where C-4 bumps are desired. A solder 
bump (PbSn) can then be formed by electroplating on those areas a barrier layer 
318 not covered by photoresist 322. Solder bumps can be formed by placing 
substrate 300 in a solder plating solution and applying current to barrier layer 
318 so that it builds up charge to attract solder. Bump 320 can be formed to a 
height of approximately 100 microns. 

In another embodiment of the present invention bump 320 can be a gold 
plated bump used for tape automated bonding (TAB). A gold plated TAB bump 
can be formed in a process similar to formation of a solder bump with the 
exception that the bump is gold plated and is formed to a height of 
approximately 27 microns. 

Once bump 320 has been plated to the desired thickness, photoresist layer 
322 is removed by well known techniques such as by a solvent spray processor 
(SSP). Next the portion of barrier layer 318 not covered by bump 320 is etched 
away with any well known technique. A nickel vanadium layer can be etched 
away with a wet etchant comprising H2O2 and H2SO4 and a titanium layer can 
be etched away with a wet etchant comprising HF and H2O2 and H2SO4. The 
exposed portion of barrier layer 318 must be removed in order to prevent short 
circuiting of bumps 320 formed on substrate 300. If desired bump 320 can now 
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be reflowed in order to convert the mushroom shaped bump into a rounded 
bump. Bump 320 can be reflowed by placing substrate 300 in a furnace having 
an H2 ambient at 400°C At this time the process of the present invention is 
complete. 

The process of the present invention has formed a passivation structure 
which has low metal line-to-metal-line capacitance and which provides a 
hermetic seal of substrate 300. Line-to-line capacitance is reduced because a low 
dielectric constant dielectric layer 310 is formed in gaps 308 between metal lines 
and because high dielectric constant materials such as sealing dielectric layer 312 
are kept above metal features 304 and 306 and out of gaps 308. A hermetic seal 
of substrate 300 is formed by sealing dielectric layer 312 and contact 322. Sealing 
dielectric layer 312 prevents moisture from entering through the top surface of 
dielectric 310 while barrier layer 318 and bump 320 coat the sidewalls 317 of bond 
pad openings 316 and thereby prevent moisture from entering through the 
exposed Si02 edges 317. 

Numerous specific details have been set forth in order to provide a 
thorough understanding of the present invention. Those skilled in the are will 
appreciate the ability to substitute various equivalent materials and processes 
for those discussed herein. As such the detailed description of the present 
invention should be taken as illustrative, rather than limiting, wherein the 
scope of the present invention is to be measured by the appended claims which 
follow. 


Thus, a hermetic passivation structure with low interconnect capacitance 
has been described. 
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IN THE CLAIMS 
We claim: 

1- A method of forming a passivation layer on a semiconductor 
substrate, said method comprising the steps of: 

forming a first dielectric layer over a metal interconnect layer on a 
substrate, said metal interconnect layer including a bond pad and a metal 
member spaced apart from said bond pad by a gap, said first dielectric formed 
over said bond pad and said metal member and in said gap; and 

forming a second dielectric layer over said first dielectric layer, wherein 
said second dielectric layer is hermetic and has a larger dielectric constant than 
said first dielectric. 

2. The method of claim 1 wherein said first dielectric layer is at least 
as thick as said metal layer. 

3. The method of claim 1 wherein said first dielectric layer comprises 
silicon dioxide. 

4. The method of claim 1 wherein said second dielectric layer 
comprises silicon nitride. 

5. The method of claim 1 wherein said second dielectric layer is 
thinner than said first dielectric layer. 

6. A method of forming a hermetically sealed integrated circuit, said 
method comprising the steps of: 

forming a first dielectric layer on a top surface of a bond pad on a 
substrate; 

forming a second dielectric layer on said first dielectric; 
forming an opening through said second dielectric and said first dielectric 
so as to expose said top surface of said bond pad; 
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depositing a conducting barrier layer on the sides of said opening and on 
said top surface of said bond pad; and 

forming a bump on said barrier layer in said opening. 

7. The method of claim 6 wherein said second dielectric layer and 
said barrier layer are resistant to moisture penetration. 

8. The method of claim 7 wherein said first dielectric layer comprises 
silicon dioxide and said second dielectric layer comprises silicon nitride. 

9. The method of claim 6 wherein said conductive barrier layer 
comprises a lower titanium layer and a top nickel-vanadium layer. 

10. The method of claim 6 wherein said bump is formed by 
electroplating plating. 

11. A method of forming a low interconnect capacitance wafer 
passivation, said method comprising the steps of: 

forming a metal layer having a first member spaced from a second 
member by a gap; 

forming a first dielectric layer over said first and second members and in 
said gap wherein said gap is completely filled by said first dielectric layer; 

forming a second dielectric layer over said first dielectric layer, wherein 
second dielectric layer has a higher dielectric constant than said first dielectric; 

forming an opening through said second dielectric and said first dielectric 
to expose the top surface of at least one of said spaced apart members; 

forming a barrier metal on the sidewalls of said opening and over the top 
surface of said at least one spaced apart member; and 

forming a contact on said barrier metal in said opening. 

12. The method of claim 11 further comprising the steps of: 
after forming said second dielectric and prior to forming said barrier 

layer, forming a third dielectric layer over said second dielectric layer. 
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13. The method of claim 11 wherein said contact is a bump. 

14. The method of claim 13 wherein said bump is formed by- 
electroplating plating. 

15. The method of claim 11 wherein said first dielectric layer 
comprises silicon dioxide. 

16. The method of claim 11 wherein said first dielectric layer 
comprises silicon dioxide doped with fluorine. 

17. The method of claim 11 wherein said second dielectric layer 
comprises silicon nitride. 

18. The method of claim 12 wherein said third dielectric layer 
comprises a polyimide. 

19. The method of claim 11 wherein said first dielectric layer is thicker 
than said second dielectric layer. 

20. The method of claim 11 wherein said barrier layer comprises a 
lower titanium layer and an upper nickel vanadium layer. 

21. A passivation film formed over a substrate, said passivation film 
comprising: 

a first dielectric layer formed over a metal interconnect layer formed on a 
substrate, said metal interconnect layer comprising a metal member spaced 
from a bond pad by a gap, said first dielectric layer formed over said bond pad 
and said metal member and completely filling said gap; and 

a second dielectric layer formed over said first dielectric layer, said second 
dielectric layer having a dielectric constant greater than said first dielectric layer. 
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22. The passivation structure of claim 21 wherein said first dielectric 
layer has a dielectric constant < 4.0. 

23. The passivation structure of claim 22 wherein said first dielectric 
layer is silicon dioxide. 

24. The passivation structure of claim 21 wherein said second 
dielectric layer is resistant to moisture penetration. 

25. The passivation structure of claim 24 wherein said second 
dielectric layer is silicon nitride. 

26. A passivation structure, said passivation structure comprising: 

a first dielectric layer formed on a top surface of a bond pad on a substrate, 

said first dielectric layer having sidewalls on said bond pad; 

a second dielectric layer on said first dielectric layer; and 

an electrical contact formed through said first dielectric layer and said 

second dielectric layer and in contact with said bond pad, said electrical contact 

directly adjacent to and in direct contact with said sidewalls of said first dielectric 

layer. 

27. The passivation structure of claim 26 wherein said second 
dielectric layer and said electrical contact are resistant to moisture penetration. 

28. The passivation structure of claim 26 wherein said first dielectric 
layer comprises silicon dioxide and said second dielectric layer comprises silicon 
nitride. 

29. The passivation structure of claim 26 wherein said electrical 
contact comprises a lower conductive barrier layer and a metal bump. 
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30. The passivation structure of claim 29 wherein said lower 
conductive barrier layer comprises a lower titanium layer and a top nickel 
vanadium layer. 
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